A four-year project of collaborative experiments has been carred out to study the effect of four kinds of yeast grown on n-paraffin in four domestic manufacturers, which are called just yeast in this paper, on reproducibility of breeding hens and at the same time to get information whether the yeast has any factor or factors undesirable for health of the hens themselves as well as of their offspring and for human health possibly through eggs and meat produced on yeast. For this purpose, successive six generations of White Leghorn hens were raised in six Prefectural Poultry Experiment Stations either on the control diet or on the diet containing 15% of yeast.
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As reported already1,2), two groups of 100 hens each of the first through the third generations, divided into five lots of 20 hens each, were reared on either the control or the yeast diets in each of the stations.
The hens of the first generation were sacrificed for histopathological examination after 52 weeks of age. Although no significant change due to the yeast feeding was observed histopathologically, it was pointed out that one year of age is too young to check the possible histopathological change due to the yeast feeding.
Accordingly, 60% of the hens of the third generation, i.e. three lots each on each of the diets in each of the stations, were decided at 36 weeks of age to be reared further until more than two years of age. Hens of the fourth and the fifth generation were reared using the rest of the feeding facility, i.e. 40 hens in two lots on each of the diets in each of the stations, were reared.
Performance of the hens of the first generation1) and of the second and the third generations2) were already reported. In this paper, performance of the hens of the fourth through the sixth generations are presented. Tables 1 and 2 , respectively, and analyses of variance of data on reproductive performance are presented in Table 3 .
Although presentation of analyses of variance on data during the growing stage was omitted for brevity, body weight gain at four and 12 weeks of age on the yeast diet was significantly lower than that on the control diet (p>0.01), while the difference in body weight gain at 20 weeks of age between the hens on two diets was not significant statistically.
Though the tendency of slightly larger feed intake on the yeast diet than that on the control diet was observed during the growing stage, the difference was not significant statistically. The tendency of slightly larger feed conversion on the yeast diet than that on the control diet was also observed, but the difference was significant statistically only at four weeks of age. Actually no difference was observed on the viability of the chicks during the growing stage, though the viability on the yeast diet was higher than that on the control diet in Saitama and Gifu Stations.
Little difference in age of sexual maturity and egg weight at maturity was observed between the two groups of the hens on either the control or the yeast diets. The difference in age and egg weight was not significant statistically. Body weight at 50% lay on the yeast diet was significantly smaller at 5% level than that on the control diet.
No significant difference was observed statistically in any of the data during the growing stage and in sexual maturity among the hens fed four kinds of the yeast.
As shown in Table 3 , no significant difference was observed statistically between the laying performance of the two groups of hens fed either the control or the yeast diet, except significant interaction between diets and blocks on daily feed intake. In four stations out of six, daily feed intake on the yeast diet was smaller than that on the control diet. In the remaining two stations, daily feed intake on the yeast diet was larger than that on the control diet, though the difference was significant statistically only in Gifu Station. Since feed intake on the yeast diet in Saitama Station, where the same yeast D was tested as in Gifu Station, was smaller than that on the control diet, larger feed intake on the yeast diet in Gifu Station was not due to the effect of yeast D. Furthermore, difference in the laying performance among the hens fed four kinds of yeast was not significant at all statistically. It should be pointed out that average viability of the hens during the laying stage, and average fertility and hatchability of eggs of the hens fed the yeast diet were 1.1%, 1.0% and 2.4%, respectively, higher than those of the hens fed the control diet.
Performance of the hens of the fifth generation during growing and laying stages are summarized in Tables 4 and 5 , respectively, and analyses of variance of data on reproductive performance are presented in Table 6 . As shown in Tables 4 and 5, statistically significant difference in body weight or body weight gain at 4, 12, 20 and 36 weeks of age and at sexual maturity was not oberved at all between the hens of the fifth generation fed either the control or the yeast diets.
In contrast, feed intake of the chicks fed the yeast diet during the growing stage was significantly lower than that on the control diet (p>0.05), resulting slightly better feed conversion on the former diet, though not confirmed to be significant statistically.
Viability during the growing stage was excellent and no significant difference was observed between the two groups of hens fed either the control or the yeast diet.
No significant difference was observed on age of sexual maturity and egg and body weights at 50% lay between the two groups of the hens fed either the control or yeast diets.
As shown in Table 6 , no significant difference was observed statistically between the laying performance of the two groups of hens fed either the control or yeast diet.
However, significant interaction between diets and blocks was observed on daily feed intake and body weight at 36 weeks of age. Contrary to the findings on daily feed intake of the hens of the fourth generation, daily intake of the hens fed the yeast diet was unusually smaller in Kumamoto than that on the control diet. Such a large difference of 11.4g per head daily was not oberved in the other stations and even in Kumamoto, such a difference was not observed with the hens from the first through the fourth generations. One of the possible reasons for this unusual drop of feed intake may be low egg production due to delayed sexual maturity, but the exact reason was unknown.
Another significant interaction on body weight at 36 weeks of age was due to different response of the hens to the yeast diet. In four stations out of six, average body weight of hens on the yeast diet was smaller than that on the control diet, while in the other two stations the former was larger than the latter. Since the opposite response was observed in Okayama and Hiroshima where the same yeast A was tested, and in Saitama and Gifu where the same yeast D was tested, the difference in the response does not seem to be due to the effect of different yeast.
As shown in the lower part in Table 6 , the difference in the laying performance except feed intake among the hens fed four kinds of yeast was not significant statistically.
It should be pointed out that fertility of the eggs laid by the hens fed either the control or yeast diet in Kumamoto and Gifu was as low as about 60%. Also, unusually large main plot and sub-plot error variances in feed conversion should be pointed out, comparing with that in the first through the fourth generations.
In Table 7 , viability and growth rate of the chicks of the sixth generation for initial two weeks are presented. The data, especially, excellent viability revealed that the hens of the fifth generation had normal ability to reproduce normal offspring. No significant difference was observed statistically on viability and growth rate between the offspring of the hens fed either the control or yeast diet. Since the main purpose of the test with the chicks of the sixth generation was to know whether they can grow normally or they show any abnormality, body weight and feed intake were not measured in some of the stations.
Discussion
As observed with the chicks of the first through the third generations, somewhat inferior growth response of the chicks of the fourth and the fifth generations fed the yeast diet to that on the control diet was also observed, though the response was not consistent, growth rate being significantly slow in the fourth generation and feed intake being small in the fifth generation. The findings were easily understood because dietary energy and protein levels were not exactly the same in the control and the yeast diets.
The yeast diet was composed of 85 parts of the basal diet and 15 parts of yeast, of which energy and protein levels were different from those of the control diet as reported previously4). Lower dietary energy and protein levels resulted in slower growth rate. The influence of lower dietary energy and protein levels will be more apparent on younger chicks than on older chicks.
Slower growth rate also resulted in delayed sexual maturity, although delay in sexual maturity of the hens of the fourth and the fifth generations was not significant, contrary to the findings of the hens of the first through the third generations. Furthermore, since no adjustment on dietary phosphorus level was done in the yeast diet, phosphorus level in the yeast diet should be higher than that in the control diet due to the higher phosphorus content in the yeast. Excess phosphorus and unbalanced calcium-phosphorus ratio in the diet also have some influence on growth rate of the chicks, but the effect of excess phosphorous should be moderated due to larger supplementation of calcium in layer diet as for the raw materials of egg shell.
It was confirmed with growing meat-type chicks5) that growth rate and feed efficeency on the yeast diet were just the same as on the control diet, if dietary energy, protein, sulfur amino acids, calcium and phosphorous levels in both the control and the yeast diet were adjusted to be exactly identical and enough vitamins were supplied. Especially, vitamin B12, which tended to be lacking in the yeast diet, should be fortified satisfactorily.
With this information in mind, it will be certain that the inferior growth response on the yeast diet observed on the hens of the fourth and the fifth generations was not due to the nutritional fault of the yeast itself, but rather due to the difference in dietary energy, protein, calcium and phosphorus levels. The similar growth response of offspring of the sixth generation obtain from the hens of the fifth generation fed either the control or yeast diet supports the discussion, since all of them were fed a conventional chick starter diet well-balanced in amino acid composition and calcium and phosphorus levels with satisfactory vitamins. As already pointed out, extremely large main plot and sub-plot error variances were observed in feed conversion of the hens of the fifth generation.
These large main plot and sub-plot error variances suggested large variation of feed conversion between the two lots of hens fed the same diet in the same block, i.e. experiment station. Since sub-plot error variance included interaction blocks x periods, which was suggested to be very large in some case such as in hen-housed egg production as shown in Table 5 , between-lots error variance was estimated by calculating sum of squares as shown in the following formula and dividing sum of squares by corresponding degrees of freedom.
Between-lots error variance thus calculated still included 3-factor interaction, i.e. so small.
In Table 8 , between-lots variance of the hens of the first through the fifth generations for hen-housed egg production, feed intake, feed conversion, egg weight and adult body size are presented with between-lots variance of the hens of the fifth generation for each of two laying periods. Difference between sum of squares of between-lots of the fifth generation and those estimated for each of two laying periods gave sum of squares of 3-factor interaction of the fifth generation, which were small enough to be neglected.
Since feed conversion is amount of feed taken per unit weight of egg producd, variation in feed conversion of young hens just started to lay while still growing is naturally supposed to be larger than that of the hens already laying and grown up to adult size. To ascertain this supposition, between-lots variance of feed conversion in the first laying perion, i.e. 20 to 28 weeks of age, was estimated for the hens of the first through the fifth generations and are shown in the last column of gests that the delay in growth of the chicks on the yeast diet was mainly due to the unbalance of nutrients in the yeast diet, not due to the fault of yeast itself. 2) Little difference between the control and yeast groups was observed on laying performance, i.e. egg production, feed intake, feed conversion, egg weight and viability. Body weight of the hens of the fourth generation on the yeast diet at 36 weeks of age was significantly lighter than that on the control diet, but little difference was observed on body weight between the two groups of the hens of the fifth generation.
3) Fertility of the yeast group of the fourth and the fifth generations and hatchability of fertile eggs of the yeast group of the fourth generation were higher and that of the fifth generation was lower than those on the control diet, though the differences were not significant statistically. 
